





















has  been  ignored.  This  paper  develops  a  framework  for  eliciting  the  contributions  of  labor 
turnover and human capital depreciation to organizational forgetting. We apply our framework 














Steve  Lehrer,  Mark  Pauly,  Melinda  Pitts,  Manuel  Trajtenberg,  Kevin  Volpp  and  workshop  participants  at  the 








have  estimated  organizational  forgetting  rates  for  firms  by  focusing  on  specific  industries 
(Argote  et  al.,  1990;  Darr  et  al.,  1995;  Epple  et  al.,  1996;  Benkard,  2000;  Thompson,  2007; 









There  is  an  extensive  social  science  literature  on  skill  decay  and  skill  retention  among 






















firm’s  experience  stock  as  the  accumulated  experiences  of  all  workers,  whether  currently 
involved in production or not.  
 
A  combination  of  task,  market,  and  industry‐specific  characteristics  govern  the  relative 




























action.  For  example,  higher  flexibility  in  scheduling  may  be  desirable  to  workers  and  thus 
lessen turnover rates, while strict scheduling designed to reduce periods of inactivity may slow 























[1]   t i t i t i e e , 1 , , φ λ + ⋅ = − . 
 
The introduction of the parameter λ  allows for forgetting (i.e. λ <1) and captures the intuition 
that  more  temporally  distant  experiences  may  be  less  relevant  for  today’s  performance.  It 




period t, such that  t t t t n m N N + − ≡ −1 , where mt and nt are the number of employees exiting and 
entering the firm between t‐1 and t, respectively.  
 


































































experience is  1 , , ˆ ˆ − ⋅ = t k t k e e γ .3 
 
 
                                                 
3 Note that for simplicity, we assume no employee reentry to the firm. 6 































































the  firm’s  stock  of  experience  in  period  t,  and  under  the  following  law  of  motion  for  the 
organization’s experience stock:  
 

















These  limitations  impose  strong  assumptions  on  human  capital  depreciation.  Specifically,  it 










































































φ φ λ  
The first bracketed term on the right hand‐side of equation [4],  1
~
− t E , is the sum of experience 
accumulated  by  individuals  up  to  (and  including)  period  t‐1.  1
~





firm  between  t‐1  and  t.  Similarly,  lacking  individual  level  data,  equation  [4]  imbeds  the 
assumption  that  the  value  of  recent  experiences  of  both  new  employees  and  veterans  are 
identical from the firm’s perspective.  
 
Equation  [4]  highlights  the  implicit  restrictions  on  the  parameters  of  equation  [2]  when 
individual level data is unavailable. Specifically, equations [2] and [4] coincide when the human 
capital of exiting workers is as valuable for current production as that of current employees 
(i.e. γ λ = ) and when new employees’ current experience is as valuable for production as that of 








                                                 













































, ˆ ˆ γ , where j is the exit period for 
individual k. 8 
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e is  a  component  of 1
~








                                                 
5 To derive the first term in the bracketed expression in [5], note that since  j k j k e e ,
*
, ˆ ˆ =  at the time of exit, where j 
marks individual k’s date of exit, the difference between the value of exitors’ human capital retained at rate λ relative 
to rate γ is



























1 , ˆ ) ( ˆ ˆ γ λ γ λ .  9 
Define  t φ and  1 − t e as the current and past experience of the average employee at time t. When 
evaluating the cost of skill decay between t‐1 and t, the benchmark is the case of no forgetting. 
Therefore, the contribution of the average employee’s skill decay to organizational forgetting is 
) 1 ( 1 λ − − t e , where  ) 1 ( λ −  is the rate of human capital depreciation. The effect of turnover on 
organizational forgetting is a combination of two components; the first is the cost to the firm of 
losing an experienced employee relative to retaining that experience inside the firm,  ) ( 1 γ λ − − t e , 
and the second is the cost to the firm of hiring a new employee relative to an experienced one, 
) 1 ( μ φ − t .  
 
Conceptually, the joint effect of skill decay and turnover for the average employee, measured in 
performance  terms,  is  [ ] [ ] ) 1 ( ) ( ) 1 ( ) 1 ( ) 1 ( 1 1 1 μ φ γ λ λ μ φ γ − + − + − = − + − − − − t t t t t e e e .  The  relative 
contribution of turnover to organizational forgetting is then 
) 1 ( ) 1 (













































is  different  than  1,  the  relative  importance  of  each  channel  is  determined  by  the  average 
experience of exiting employees and therefore by the speed of turnover within the firm. The 
















Previous  studies  of  organizations,  due  to  either  data  limitations  or  problems  isolating 
individuals’ contributions to firm product, could not study forgetting at the individual level. 
The  nature  of  emergency  medical  services  provision  allows  for  attributing  performance  to 
individual paramedics, and thus measure individual forgetting. The focus on the individual’s 
experience may be important in EMS due to the dependence on acquired skills (e.g. closed‐loop 
tasks),  which  are  subject  to  skill  decay.  For  EMS  companies,  retention  of  paramedics  is 
important due to concerns regarding personal safety, stressful working conditions, irregular 





medical  interventions  performed,  and  of  the  scene,  and  since  care  provided  in  the  field  by 
emergency medical technicians is not definitive, there is no dispute that a shorter pre‐hospital 
interval  is  preferred  to  a  longer  one.  In  the  case  where  care  is  rendered  on‐scene,  better 
diagnostic  and  therapeutic  expertise  is  essential  in  reducing  out‐of‐hospital  time.6  In  this 
application, we define additional experience as participation in additional ambulance runs and 
performance as the total out‐of‐hospital time for a trauma incident, which is considered a key 
marker  of  EMS  performance  (Carr  et  al.,  2006).  The  importance  of  getting  the  patient  to 










identifying  the  appropriate  procedures,  mastering  protocols  and  techniques,  and  exercising 
better judgment in crisis situations, the shorter is the out‐of‐hospital time. Moreover, skilled 










[6]  ikt i t it W kt X it e ikt W X e OHT ε η ϕ β β β + + + + + = ln ln   
 
where  ikt OHT  is the out‐of‐hospital time for patient k attended by paramedic i.  t i e ,  is paramedic 
i‘s experience as of date t.  kt X  capture the characteristics of the patient, such as her age, gender, 
race, and all interactions of injury type and injured body part. It also captures characteristics of 
the incident, such as type and location of trauma. In addition to paramedic experience,  it W  
includes paramedic characteristics, such as their certification level, the certification level and 
experience of the driver that is paired with them, the team’s joint experience, and the type of 
                                                 
7 Mississippi does not systematically collect patient discharge data, rendering it impossible to match EMS incidents to 
mortality or other patient health outcomes. 12 
firm they work for.  t ϕ  is a vector of indicators for hour of day, day of the week, month and 






[7]  ( ) ikt i t it W kt X t i t i e ikt W X e OHT ε η ϕ β β φ λ β + + + + + + ⋅ = − , 1 , ln ln  
  
Our measure of recent paramedic experience, φ i,t, accumulates experience over running 3‐month 
windows,  recording  paramedic  volume  at  a  given  date  as  the  number  of  trauma  runs 
accumulated  during  the  prior  91  days.8  This  measure  is  more  precise  than  fixed  calendar 
























Specifically, conditional on observables and on paramedic fixed effects,  ikt ε  is unlikely to be 
related  to  paramedic  characteristics,  be  they  quality,  ability  or,  importantly,  experience  as 
selection  on  such  unobservables  is  unlikely  to  occur  given  the  current  design  of  the  EMS 
system. This is a major benefit of studying learning and forgetting in the context of emergency 










Our  measure  of  recent  firm  experience,  qt,  accumulates  trauma  incidents  served  by  the 
responding firm over the 91 days preceding each incident. Thus, we ignore the detail in our 
data about which paramedic and driver were sent to which scene, and aggregate the firm’s 
quarterly  volume  over  the  set  of  paramedics  it  employs,  counting  each  incident  as  one 
experience.  
 
Following  Thompson  (2007)  we  estimate  [8]  including  and  excluding  hiring  and  separation 
rates.  Additional  information  on  hiring  and  separation  rates  creates  an  intermediate  case 
between having no ability to track individuals and having an individual‐level panel, as it tracks 
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through  the  Mississippi  Emergency  Medical  Services  Information  System  (MEMSIS).  The  raw 
                                                 
11 Technically, even if data on exit dates of employees were available, introducing dummies to mark the date of an 


























613,000  trauma  runs.  Our  data  allows  us  to  follow  1,740  uncensored  paramedics  (85%  of 
paramedics in our data) from their entry into the profession and construct measures of their 
tenure  and  cumulative  experience.  The  final  sample  includes  approximately  177,000 
observations (or 146,000 observations, excluding censored paramedics). 
 
With  the  Emergency  Medical  Services  Systems  Act  of  1973,  Congress  delegated  the 








observations.   


















the  type  of  injury  (i.e.  pain,  burn,  laceration,  soft  tissue,  blunt,  fracture  or  dislocation, 





time,  there  are  many  other  factors  that  may  affect  this  marker  of  performance.  These 
confounders, presented in Table 1, include the type of trauma, the incident location, patient 
characteristics,  the  number  and  types  of  procedures  performed,  the  month  and  year,  the 






the  basis  for  the  education  of  EMTs  and  Paramedics.  In  addition,  Mississippi  requires  operators  of  ambulance 











































Nevertheless,  it  is  unlikely  that  separation  rates  encompass  all  information  regarding  the 
human  capital  accumulated  by  those  leaving  the  firm.  For  instance,  consider  two  identical 
firms, one which replaces a highly experienced paramedic while the other replaces a relatively 















We  find  the  turnover  effect  to  be  roughly  twice  as  large  as  the  effect  of  skill  decay  (0.402 
compared with 0.229).  19 
 
As  indicated  by  our  framework,  the  reduced  form  coefficient  estimate  of  organizational 
forgetting estimated from equation [8] and reported in the upper panel of Table 2 (0.699) is a 
weighted average of  E λ  (0.771) and γ  (0.369) from the lower panel.   
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  is  a  measure  of  the  relative  importance  of  the  cost  of 
turnover. Assuming the average paramedic in our sample is replaced by one with no experience 









In  our  application,  we  find  both  skill  decay  and  turnover  effects  to  be  important  channels 
through which organizational forgetting comes to bear. The detail of our data, which tracks 
                                                 
19  ) ( 1 E t f e λ = −   is  calculated  assuming  λE  =  0.771  (as  estimated  in  the  most  saturated  contract  area  fixed  effects 
specification in Table 2) for the uncensored paramedics sample. 20 
individual  employee  activity,  allows  us  to  further  investigate  mechanisms  that  may  be 
responsible for individual skill decay. More specifically, our data follows paramedics over 15 
years  and  we  can  therefore  introduce  paramedic  fixed  effects.  For  85%  of  paramedics,  we 
observe their entry into the profession and onwards. For each incident, we control for time 







Consistent  estimation  by  nonlinear  least  squares  of  individual  skill  decay  models  relies  on 
random assignment of paramedics to scenes. In particular, it requires unobserved patient and 









To  control  for  potential  heterogeneity  in  productivity,  we  estimated  specifications  with 
paramedic  fixed  effects.  These  capture  any  time‐invariant  factors  that  affect  individual 
performance and may be related to experience. For example, firms may require their most able 


























                                                 
















































EMS,  non‐trauma  events  such  as  stroke  or  cardiac  arrest  may  have  relevance  to  trauma 






scene  of  trauma  if  mechanically  similar  tasks  are  performed  in  both  types  of  incidents  or 










e t i t i e ikt W X e e OHT ε η ϕ β β φ λ β φ λ β + + + + + + ⋅ + + ⋅ = − − , 1 , , 1 , ln ln ln  
                                                 
24 Note, however, that paramedic volume already captures some of the information contained in our measure of 






































































industrial  settings.27  When  dealing  with  commercial  aircrafts  (Benkard,  2000),  automobile 
production (Epple et al., 1996) or ships (Argote et al., 1990; Thompson, 2001; Thornton and 
Thompson,  2001;  Thompson,  2007),  examples  of  large‐scale  production  endeavors, 










While  services  and  manufacturing  differ  in  their  production  environments,  ambulance 
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Figure 1: Measures of Accumulated Firm Experience over Time 
) 1 , 0 ( < = μ γ t E
 Table 1 - Summary Statistics
Variable Mean Std. Dev.
Out‐of‐Hospital Time 36.05 minutes 16.62
Paramedic number of runs in last 3 months 18.02 trauma runs 12.35
Firm number of runs in last 3 months 458.91 trauma runs 530.69
Paramedic total number of runs (uncensored) 409.37 trauma runs 298.96
Paramedic‐Driver pair total number of runs 27.81 trauma runs 57.11
Number of Procedures
Number of EMS procedures in incident 1.99 procedures 2.19
Demographics and people in incident







































Cerification Level: EMT‐Paramedics 96.12% 0.193Table 2 -  Determinants of Organizational Forgetting with Hiring and Separation Rates
Pre-Hospital Trauma Incidents, Mississippi 2001-2005
Dependent Variable: 
Log(Total Out‐of‐Hospital Time) Model I Model II Model III Model IV Model V
0.6970 0.6908 0.6911 0.6933 0.6946
[0.00822]*** [0.00801]*** [0.00718]*** [0.0047]*** [0.00478]***
0.7089 0.7010 0.7130 0.7109 0.6995
[0.00268]*** [0.00555]*** [0.00499]*** [0.00444]*** [0.02679]***
0.6700 0.6805 0.6959 0.6934 0.6893
[0.00713]*** [0.00748]*** [0.00719]*** [0.00465]*** [0.00461]***
Separation 0.2640 0.2983 0.3096 0.2921 0.3058
[0.02064]*** [0.02035]*** [0.02025]*** [0.01968]*** [0.01983]***
Hiring 0.3793 0.3126 0.3112 0.3134 0.3045
[0.0183]*** [0.01809]*** [0.01803]*** [0.01757]*** [0.01761]***
0.7523 0.7079 0.7055 0.7028 0.6990
[0.00282]*** [0.00644]*** [0.00559]*** [0.00485]*** [0.03443]***
Separation -0.0188 -0.0169 -0.0234 -0.0150 -0.0093
[0.01961] [0.01893] [0.01875] [0.01814] [0.01835]
Hiring 0.0687 0.0154 0.0240 0.0288 0.0212
[0.01767]*** [0.01711] [0.01694] [0.0165]* [0.01649]
0.6807 0.6915 0.7176 0.6882 0.6533
[0.00769]*** [0.0079]*** [0.00764]*** [0.00455]*** [0.00384]***
γ 0.4906 0.4155 0.4526 0.4664 0.3135
[0.00451]*** [0.02353]*** [0.01391]*** [0.00523]*** [0.02037]***
µ 0.4596 0.2471 0.6358 1.4657 5.9486
[0.25649]** [0.14136]*** [0.27885] [0.25987]* [0.51753]***
Separation 0.2616 0.2958 0.3068 0.2881 0.3009
[0.02068]*** [0.02038]*** [0.02027]*** [0.01968]*** [0.0198]***
Hiring 0.3818 0.3156 0.3138 0.3166 0.3021
[0.01826]*** [0.01802]*** [0.01798]*** [0.01752]*** [0.01755]***
0.7585 0.7575 0.8012 0.7810 0.7707
[0.00202]*** [0.00552]*** [0.00463]*** [0.00344]*** [0.02705]***
γ 0.4984 0.4456 0.3841 0.3630 0.3687
[0.00136]*** [0.01086]*** [0.02516]*** [0.00657]*** [0.07357]***
µ 1.7565 1.7901 1.3273 1.5867 1.3373
[0.17636]*** [0.47801]* [0.40484] [0.35761] [1.67305]
Separation -0.0184 -0.0154 -0.0206 -0.0118 -0.0120
[0.01964] [0.01897] [0.0188] [0.01819] [0.01839]
Hiring 0.0681 0.0139 0.0216 0.0260 0.0218
[0.01764]*** [0.0171] [0.01694] [0.0165] [0.01651]





























































































































































































Notes: Heteroskedasticity-robust standard errors are reported in brackets below the estimated coefficients. "*", "**", and "***" indicate significance at
the 10%, 5%, and 1% levels, respectively. Significance levels for estimates of µ are for tests against the null of µ=1 (i.e. new and seasoned paramedics
make equal contributions to firm recent experience). Patient demographics include indicators for race, gender, and 12 age categories. Trauma
characeristics include the type of trauma, location of incidents, and injury characteristics. The types of trauma are falls, gunshot wounds, cuts or
stabbings, assaults, motor vehicle crashes, and motorcycle and pedestrian accidents. Locations of incidents include residences, city streets, county roads,










~ λTable 3 - Random Assignment Regressions with Paramedic Fixed Effects
Patient Characteristics Scene Characteristics
Age Indicators Number of 
Dependent Variable: 5 - 14 14 - 18 18 - 25 25 - 35 35 - 45 45 - 55 55 - 65 65 - 75 75 - 85 White Female Injuries Street Road Highway
Log Quarterly Volume 0.001 -0.001 -0.001 0.002 0.001 -0.003 0.0004 -0.001 0.0004 0.006 0.004 0.002 0.008 -0.005 0.005
(91 days) [0.001] [0.002] [0.002] [0.002] [0.002] [0.002] [0.002] [0.002] [0.002] [0.003]* [0.003] [0.013] [0.003]** [0.002]** [0.003]*
Log Cumulative Volume -0.002 0.002 0.002 0.002 0.005 0.0005 -0.001 -0.0004 -0.005 0.007 0.001 0.001 -0.007 -0.005 -0.004
(Excl. Left-Censored Paramedics [0.002] [0.003] [0.004] [0.004] [0.004] [0.003] [0.003] [0.002] [0.003]* [0.006] [0.004] [0.024] [0.006] [0.004] [0.006]
Log Cumulative Volume -0.001 0.001 0.002 0.002 0.005 0.00005 -0.0004 -0.001 -0.005 0.008 0.001 -0.006 -0.007 -0.006 -0.003
(Incl. Left-Censored Paramedics [0.002] [0.003] [0.004] [0.003] [0.004] [0.003] [0.003] [0.002] [0.003]* [0.006] [0.004] [0.023] [0.006] [0.004]* [0.006]
Scene Characteristics (cont)
Hour Indicators
Dependent Variable: MVC Gunshot Fall Motorcycle Pedestrian Cut/Stab Assault 0 - 2 3 - 5 6 - 8 9 - 11 12 - 14 15 - 17 18 - 20 21 - 23
Log Quarterly Volume -0.012 -0.001 0.006 0.001 0.001 -0.0004 0.005 -0.002 0.001 0.0001 -0.005 -0.001 0.008 -0.001 0.0004
(91 days) [0.002]*** [0.001] [0.002]*** [0.001] [0.001] [0.001] [0.002]*** [0.002] [0.001] [0.002] [0.003]* [0.003] [0.003]** [0.003] [0.003]
Log Cumulative Volume 0.016 0.001 -0.013 -0.0001 -0.0004 -0.002 -0.002 -0.001 -0.007 0.003 -0.002 0.003 0.004 0.004 -0.005
(Excl. Left-Censored Paramedics [0.007]** [0.001] [0.005]** [0.001] [0.001] [0.002] [0.003] [0.004] [0.003]** [0.004] [0.005] [0.005] [0.005] [0.005] [0.005]
Log Cumulative Volume 0.016 0.001 -0.014 0.0001 0.0001 -0.002 -0.002 -0.001 -0.006 0.005 -0.00001 0.005 0.003 0.002 -0.007
(Incl. Left-Censored Paramedics [0.007]** [0.001] [0.005]*** [0.001] [0.001] [0.002] [0.003] [0.004] [0.003]** [0.004] [0.005] [0.005] [0.005] [0.005] [0.005]
Notes: Paramedic fixed effects are included in all models [1] since subsequent learning/forgetting models are estimated with fixed effects and [2] to allow for the possibility of paramedic sorting across time and across the firm's
coverage areas in a manner that matches their ability to the expected severity of scenes. Standard errors are reported in brackets below the estimated coefficients, and are clustered at the paramedic level. "*", "**", and "***"
indicate significance at the 10%, 5%, and 1% levels, respectively. Table 4 - Paramedic-Level Learning and Forgetting
Pre-Hospital Trauma Incidents, Mississippi 2001-2005
Dependent Variable: 
Log(Total Out‐of‐Hospital Time) Model I Model II Model III Model IV Model V Model VI
Learning (βe) -0.00924 -0.02986 -0.02787 -0.00156 -0.00271 -0.00530
[0.00541]* [0.00678]*** [0.00676]*** [0.00063]** [0.00183] [0.00368]
Retention (λ) 1.74084 0.55551 0.55610 140.90450 14.10342 3.92207
[0.98028]* [0.09076]*** [0.09429]*** [188.2986] [25.81297] [4.75924]
Learning (βe) -0.02856 -0.02877 -0.02862 -0.02778 -0.02612 -0.02669
[0.00381]*** [0.00379]*** [0.00372]*** [0.00364]*** [0.00368]*** [0.00376]***
Retention (λ) 0.69670 0.58178 0.58155 0.59285 0.60616 0.60837
[0.04093]*** [0.04857]*** [0.04752]*** [0.04611]*** [0.04828]*** [0.04739]***
Learning (βe) -0.02784 -0.02925 -0.02867 -0.02447 -0.03437 -0.03539
[0.00662]*** [0.00642]*** [0.00632]*** [0.00635]*** [0.00877]*** [0.0088]***
Retention (λ) 0.49701 0.48027 0.47164 0.49441 0.69686 0.70002
[0.10903]*** [0.10528]*** [0.1092]*** [0.12045]*** [0.0789]*** [0.07677]***
Observations 177,455 177,455 177,455 177,455 177,455 176,508
Number of Clusters 2,044 2,044 2,044 2,044 2,044 2,022
Learning (βe) -0.01020 -0.03354 -0.03157 -0.00114 -0.00291 -0.00637
[0.00646] [0.00725]*** [0.00718]*** [0.00038]*** [0.00242] [0.00468]
Retention (λ) 1.56288 0.58284 0.56785 1171.24900 8.76735 2.67375
[0.81404]* [0.08794]*** [0.09379]*** [1261.453] [16.89843] [2.64565]
Learning (βe) -0.03088 -0.03153 -0.03146 -0.03098 -0.02971 -0.03026
[0.00415]*** [0.00415]*** [0.00408]*** [0.00402]*** [0.00406]*** [0.00414]***
Retention (λ) 0.72453 0.61603 0.61440 0.62318 0.64005 0.63925
[0.04175]*** [0.04602]*** [0.04486]*** [0.04364]*** [0.04505]*** [0.04455]***
Learning (βe) -0.02963 -0.03065 -0.03025 -0.02624 -0.03617 -0.03727
[0.00694]*** [0.00676]*** [0.0066]*** [0.00657]*** [0.00877]*** [0.00876]***
Retention (λ) 0.51765 0.49851 0.49030 0.51431 0.71150 0.71269
[0.10731]*** [0.10814]*** [0.1101]*** [0.1197]*** [0.07867]*** [0.07605]***
Observations 146,969 146,969 146,969 146,969 146,969 146,185




































































































Notes: All models control for driver and paramedic-driver pair experiences. Patient demographics include indicators for race, gender, and 12 age categories.
Trauma characeristics include the type of trauma, location of incidents, and injury characteristics. The types of trauma are falls, gunshot wounds, cuts or
stabbings, assaults, motor vehicle crashes, and motorcycle and pedestrian accidents. Locations of incidents include residences, city streets, county roads, and
state or federal highways. Injury characteristics include 70 interactions of injured body part and injury type. Standard errors are reported in brackets below the
estimated coefficients, and are clustered at the paramedic level. "*", "**", and "***" indicate significance at the 10%, 5%, and 1% levels, respectively. Table 5 - Mechanisms for Skill Decay and Falsification Test
Pre-Hospital Trauma Incidents, Mississippi 2001-2005
Dependent Variable:                                     Specifications with Periods of Inactivity
Log(Total Out‐of‐Hospital Time) Model I Model II Model III Model IV Model V Model VI
Learning (βe) -0.03564 -0.03551 -0.03438 -0.02970 -0.04284 -0.04322
[0.00862]*** [0.00835]*** [0.00805]*** [0.00796]*** [0.01083]*** [0.01083]***
Retention (λ) 0.55049 0.52433 0.50996 0.52801 0.73962 0.73974
[0.10319]*** [0.1074]*** [0.11228]*** [0.12382]*** [0.07806]*** [0.07781]***
0.00072 0.00072 0.00068 0.00061 0.00069 0.00069
[0.00021]*** [0.00021]*** [0.0002]*** [0.00019]*** [0.00019]*** [0.00019]***
Observations 146,012 146,012 146,012 146,012 146,012 145,248
Number of Clusters 1,657 1,657 1,657 1,657 1,657 1,644
Specifications Including Experience with Medical Incidents
Log(Total Out‐of‐Hospital Time) Model I Model II Model III Model IV Model V Model VI
Learning (βe) -0.01892 -0.04548 -0.04457 -0.03837 -0.04335 -0.02927
[0.01272] [0.01594]*** [0.01551]*** [0.01498]** [0.0195]** [0.00886]***
Retention (λ) 0.48310 0.61104 0.60049 0.61268 0.72616 0.64383
[0.26701]* [0.08771]*** [0.08835]*** [0.10046]*** [0.12479]*** [0.10711]***
Learning (βe
M) -0.01105 0.02396750 0.02536 0.020915 0.00936 -0.00129
[0.01218] [0.0160294] [0.01593] [0.01526] [0.01867] [0.00191]
Retention (λ
Μ) 0.48929 0.85149 0.87804 0.90076 0.75880 34.44258
[0.38699] [0.14122]*** [0.14152]*** [0.17695]*** [0.52887] [157.4546]
Observations 146,970 146,970 146,970 146,970 146,970 146,191
Number of Clusters 1,738 1,738 1,738 1,738 1,738 1,718
Falsification Test
Log(Time Alerted) Model I Model II Model III Model IV Model V Model VI
Learning (βe) -0.001575 -0.001543 -0.001641 -0.001978 -0.003000 -0.003692
[0.00527] [0.00454] [0.00386] [0.00314] [0.00337] [0.00509]
Forgetting (λ) 0.00000 0.00070 0.00004 0.00006 0.00005 0.00113
[0.00001] [0.00776] [0.0004] [0.00027] [0.00025] [0.00825]
Observations 147,061 147,061 147,061 146,993 146,993 146,209











Notes: All models are estimated with paramedic fixed effects, exclude left-censored paramedics, and control for driver and paramedic-driver
pair experiences. Patient demographics include indicators for race, gender, and 12 age categories. Trauma characeristics include the type of
trauma, location of incidents, and injury characteristics. The types of trauma are falls, gunshot wounds, cuts or stabbings, assaults, motor
vehicle crashes, and motorcycle and pedestrian accidents. Locations of incidents include residences, city streets, county roads, and state or
federal highways. Injury characteristics include 70 interactions of injured body part and injury type. Standard errors are reported in brackets
below the estimated coefficients, and are clustered at the paramedic level. "*", "**", and "***" indicate significance at the 10%, 5%, and 1%
levels, respectively. 